Objectives to examine associations of race/ethnicity and purported risk factors with hospitalised allopurinolassociated severe cutaneous adverse reactions (AASCArs). Methods We used US Medicaid data to identify incident allopurinol users between 1999 and 2012. We examined the risk of hospitalised AASCArs according to race/ethnicity and purported key risk factors and calculated relative risks (rr). results Among 400 401 allopurinol initiators, we documented 203 hospitalised AASCAr cases (1 in 1972 initiators). the average AASCAr hospitalisation was 9.6 days and 43 individuals (21%) died. the multivariableadjusted rrs for AASCArs among blacks, Asians and native Hawaiians/pacific Islanders compared with whites or Hispanics were 3.00 (95% CI 2.18 to 4.14), 3.03 (95% CI 1.72 to 5.34) and 6.68 (95% CI 4.37 to 10.22), respectively. Female sex, older age (≥60 years), chronic kidney disease and initial allopurinol dose (>100 mg/ day) were independently associated with a 2.5-fold, 1.7-fold, 2.3-fold and 1.9-fold higher risk of AASCAr, respectively. In our combined demographic analysis, older women (≥60 years) of a high-risk race/ethnicity (blacks, Asians or native Hawaiians/pacific Islanders) had over a 12-fold higher risk of hospitalised AASCArs than younger men of a low-risk race/ethnicity (whites or Hispanics) 12.25; 95% CI 6.46 to 23.25). Conclusions this racially diverse (yet mostly white) cohort study indicates that the risk of hospitalised AASCAr is rare overall, although blacks, Asians and native Hawaiians/pacific-Islanders have a substantially higher risk of hospitalised AASCArs, particularly among older women. these data also support the practice of initiating allopurinol at a low dose (eg, ≤100 mg/day).
IntrOduCtIOn
Allopurinol is the predominant, first-line urate-lowering drug (ULD) worldwide for the treatment of gout. [1] [2] [3] [4] Although allopurinol is generally well tolerated, an uncommon yet feared adverse reaction is severe allopurinol hypersensitivity syndrome (AHS), manifesting as severe cutaneous adverse reactions such as Stevens-Johnson syndrome (SJS) and Toxic Epidermal Necrolysis (TEN). Severe cutaneous adverse reactions due to AHS frequently involve major organs, with long-term sequelae such as corneal damage and renal insufficiency, and can be fatal in up to 32% of cases. 5 6 A previous study found allopurinol to be the most common cause of both SJS and TEN in Europe and Israel. 7 Understanding the risk factors for allopurinol-associated severe cutaneous adverse rea (AASCARs) is essential to mitigate the risk of this severe adverse drug reaction; however, relevant data are scarce. Beyond the established risk of AASCARs associated with chronic kidney disease (CKD), 8 9 the HLA-B*5801 allele has also been found to portend a substantially higher risk of severe cutaneous adverse reactions. [10] [11] [12] [13] [14] [15] [16] A meta-analysis reported that the risk of developing severe cutaneous adverse reactions was 97 times higher among allopurinol users with the HLA-B*5801 allele compared with those without the allele. 17 Furthermore, the allele frequency of HLA-B*5801 varies substantially among different races/ethnicities. For example, the allele frequency in the USA has been estimated to be 7.4%, 4%, 1%, and 1% among Asians, blacks, whites and Hispanics, respectively. 18 These varying frequencies of HLA-B*5801 could lead to substantial variations in the risk of AASCARs across different races and ethnicities; however, relevant data are scarce. Furthermore, female sex, older age, asymptomatic hyperuricaemia and diuretic use have been purported to increase the risk of AASCARs. 5 8 9 19 Such information, together with knowledge of other independent risk factors, can help identify highrisk patients to target with potential preventive measures. For example, a recent prospective study showed that screening for the HLA-B*5801 allele in Taiwanese patients (who have an HLA-B*5801 carriage rate of 20%), coupled with the use of an alternative ULD for those deemed to be carriers, substantially reduced the incidence of AASCARs. 20 We examined the risk of AASCARs according to race/ethnicity and other candidate risk factors 5 8 9 19 in a large, racially diverse population and evaluated their potential independent associations. and hospitalisations from the time of a person's Medicaid eligibility until death or the end of Medicaid eligibility. As about 17% of Medicaid beneficiaries are also enrolled in Medicare, 21 Medicare data were obtained to ensure complete data capture in dually eligible beneficiaries.
MethOds source population

study population and design
We conducted a cohort study among adults (ie, 18-90 years of age) who had at least 180 days of Medicaid eligibility and at least one outpatient or inpatient claim present before the first prescription of allopurinol. We identified new allopurinol users starting from 1 January 1999, excluding individuals who had a history of severe cutaneous adverse reactions prior to allopurinol initiation. We followed patients from allopurinol initiation until: (1) hospitalisation for a severe cutaneous adverse reaction, (2) the end of Medicaid eligibility, (3) the end of the study period or (4) death, whichever came first.
Assessment of endpoints
The primary endpoint of interest was incident cases of hospitalised AASCARs with a principal hospital discharge diagnosis of a relevant International Classification of Diseases, Ninth Revision, 
Clinical and epidemiological research
Clinical Modification (ICD-9-CM) code, occurring within the first 3 months after filling the first prescription for allopurinol and followed by discontinuation of the drug after the episode. 5 The employed ICD-9-CM codes for the definition consisted of those used by a recent claims database study (ie, dermatitis due to drugs and medicines (693.0); erythema multiforme, SJS and TEN (695.1); unspecified erythematous conditions (695.9); and other specified erythematous conditions (695.89)). 5 The 3-month time window was employed because AHS predominantly occurs within the first 3 months of drug exposure (figure 1). 5 12 22 The aforementioned study evaluated the accuracy of this definition and found that all 33 cases of AASCARs meeting the definition were confirmed by a medical record review conducted by experienced dermatologists. 5 Our secondary definition of hospitalised severe cutaneous adverse reactions restricted the principal hospital discharge diagnosis to the ICD-9-CM code 695.1x but did not require any other conditions, as was adopted by an earlier claims database study. 6 This definition was found to have a positive predictive value of >90% for hospitalised severe cutaneous adverse reactions. 6 23-25 Finally, we examined the risk of AASCAR mortality, defined as death within 2 months of the AASCAR hospitalisation date.
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Assessment of race/ethnicity and covariates
Our primary risk factor of interest was race/ethnicity, consisting of white, black, Asian, Native Hawaiian or other Pacific Islander and Hispanic or Latino as reported by patients in the Medicaid database. Patients for whom information on race or ethnicity was unclassifiable or missing (eg, 'more than one race' or 'other/ unknown') were excluded from these analyses. Covariates of interest consisted of purported risk factors, including demographic factors (ie, age and sex), presence of CKD (ICD-9-CM codes 580-586), presence of gout (ICD-9-CM code 274), use of diuretics and initial allopurinol dose (>100 mg/day vs ≤100 mg/ day)). 
statistical analyses
We assessed the timing of AASCAR incidence after initiating allopurinol by graphically displaying the number of events every 10 days. The overall risk of hospitalised AASCARs per 1000 allopurinol initiators and corresponding 95% CI were calculated. We then estimated the risk of hospitalised AASCARs per 1000 allopurinol initiators according to race/ ethnicity and other purported risk factors. We used Poisson regression models to determine the relative risk (RR) of AASCARs in relation to race/ethnicity while adjusting for covariates. Our final multivariable models included variables that were significantly associated with the risk of hospitalised AASCARs in age-adjusted and sex-adjusted analyses or affected the RR estimate for any race by at least 10%. Our reference group consisted of whites and Hispanics, given their similarly low frequencies of HLA-B*5801 (both 1% in the US population) 18 and similar risks of AASCARs observed in the current study. We further examined the risk and RR of hospitalised AASCARs according to combined demographic profiles of age, sex and race/ethnicity. In compliance with the Healthcare Cost and Utilization Project Data Use Agreement, 26 we did not report data when the tabulated cell size was less than 11. All p values were two sided with a significance threshold of P<0.05. Statistical analyses were performed using SAS V.9.3.
results baseline characteristics
Our cohort consisted of 400 401 allopurinol initiators. The baseline characteristics of these initiators are summarised in table 1. Sixty-two per cent of allopurinol initiators were white, 53% were male and 52% were younger than 60 years of age. Five per cent of initiators had CKD at initiation and 61% were prescribed allopurinol at an initial dose greater than 100 mg/day. 
risk of hospitalised AAsCArs after allopurinol initiation according to race/ethnicity
Among allopurinol initiators, we documented 203 hospitalised AASCAR cases (table 1). The risk of hospitalised AASCARs was apparent within 10 days of allopurinol initiation, peaked around 1 month after initiation, and declined progressively thereafter, reaching its nadir at the end of the third month (figure 1). The average length of an AASCAR hospitalisation was 9.6 days, and 43 patients (21%) died.
The risk of hospitalised AASCARs was 1 in 3883 initiators among whites and Hispanics, whereas the risk was 1 in 1227, 1429 and 571 initiators among blacks, Asians and Native Hawaiians/Pacific Islanders, respectively ( 
risk of hospitalised AAsCArs according to combined demographic profiles
We further examined the risk of hospitalised AASCARs according to combined demographic profiles by classifying whites and Hispanics as low-risk race/ethnicities, and blacks, Asians and Hawaiians/Pacific Islanders as high-risk races/ethnicities ( figure 2 and table 2 ). Older women (≥60 years) of a high-risk race/ethnicity had over a 12-fold higher risk of hospitalised AASCARs than younger men (<60 years) of a low-risk race/ethnicity (multivariable-adjusted RR, 12.25; 95% CI 6.46 to 23.25) . Older men of a high-risk race/ethnicity had over a sixfold higher risk of hospitalised AASCARs than younger men of a low-risk race/ethnicity (multivariable-adjusted RR, 6.59; 95% CI 3.28 to 13.26) (figure 2 and table 2).
risk of hospitalised AAsCArs according to race/ethnicity combined with CKd status and initial allopurinol dose
We also examined the risk of hospitalised AASCARs according to race/ethnicity combined with CKD status and initial allopurinol dose (table 3) . Patients with CKD of a high-risk race/ethnicity who received an initial allopurinol dose >100 mg/day had over a ninefold higher risk of hospitalised AASCARs compared with 
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non-CKD patients of a low-risk race/ethnicity who received an initial allopurinol dose ≤100 mg/day (multivariable-adjusted RR, 4.37; 95% CI 2.27 to 8.42).
Mortality of AAsCArs according to race/ethnicity and other risk factors
Compared with patients of a low-risk race/ethnicity (whites/ Hispanics), allopurinol initiators of a high-risk race/ethnicity had a 3.65-fold higher risk of mortality from AASCARs (multivariable-adjusted RR, 3.65; 95% CI 1.90 to 6.99) ( 
dIsCussIOn
In the present study of 400 401 allopurinol initiators, we observed substantial variations in the incidence of hospitalised AASCARs according to race/ethnicity. Blacks, Asians and Native Hawaiians/Pacific Islanders had a 3-6 times higher risk of AASCARs compared with whites and Hispanics. These associations persisted similarly after adjusting for age, sex, presence of CKD and initial allopurinol dose >100 mg daily, all of which we also found to be independently associated with the risk of hospitalised AASCARs. However, the presence of gout or the use of diuretics were not significantly associated with this risk.
In our combined demographic analysis, elderly high-risk race/ ethnicity women had over a 12-fold higher risk of hospitalised AASCARs compared with young white or Hispanic men. These findings support the use of extra caution among Native Hawaiians/Pacific Islanders, Asians and blacks when considering allopurinol (including screening for HLA-B*5801 2 ), particularly among elderly women with CKD. Importantly, a low initial allopurinol dose (eg,<100 mg/day) was the only modifiable risk factor, which is readily implementable and is also recommended by the latest rheumatology guidelines. 1 2 The risk of AASCARs was over six times higher among Native Hawaiians/Pacific Islanders compared with whites in this study.
To our knowledge, this study provides the first evidence that this racial/ethnic group has a high risk of AASCARs. This finding corroborates the allele frequency of HLA-B*5801 (eg, 5.8% 27 28 vs <1%-1.9% 18 in US Pacific Islanders and whites, respectively). In other Pacific Island countries, the allele frequencies and prevalence of positive carriage are even higher (eg, 6%-12% and 11%-22%, respectively, in Malaysia), 18 and thus, one would expect their risk of AASCARs to be at least as high as that observed in the current study. The recommendation to screen for HLA-B*5801 20 or to consider the use of an alternative ULD would be applicable to Native Hawaiians/Pacific Islanders prior to initiating allopurinol therapy, particularly when additional AASCAR risk factors are present (eg, in the case of being an elderly woman with CKD).
The increased risk of AASCARs in blacks in the current study expands on the findings of the recent US Nationwide Inpatient Sample study that showed a higher risk of SJS/TEN hospitalisations in blacks compared with whites, 19 although that study was not able to definitively determine the drug responsible for the increased risk. To that end, the current study identifies allopurinol as the culprit drug while also confirming the previously observed association. 19 These findings are also reflective of the allele frequencies of HLA-B*5801 (eg, 2.6%-6.4% vs <1%-1.9% in US blacks and whites, respectively 18 ). Furthermore, the allele frequencies among blacks in Africa are known to be even higher (eg, 7%-10% in Kenya and 8% in South Africa), suggesting a higher risk of AASCARs among those populations as well. 18 The higher risk of AASCARs in Asians in the current study is consistent with the high incidence rate of AASCARs in Taiwan, 5 the increased risk of this adverse reaction among Chinese descendants compared with European descendants 8 and the high carriage prevalence of HLA-B*5801 in Asian countries (eg, 20% in Taiwan  20 ) . Accordingly, the Taiwanese Food and Drug Administration has recently adopted an alternative first-line ULD for patients with CKD. 5 Furthermore, a recent prospective study screened the HLA-B*5801 allele among 2926 Taiwanese allopurinol initiators and was able to reduce the incidence of AASCARs from seven expected cases to zero (P=0.003), demonstrating the effectiveness of such a practice. 20 In contrast, despite the sufficient sample size of Hispanic allopurinol initiators at our study baseline, there was an obviously low risk of AASCARs, similar to that seen in whites (online supplementary table 4). These data were similar to the recent US Nationwide Inpatient Sample study 19 and are concordant with the low frequency of HLA-B*5801 reported among Hispanics in the USA and among Mexicans (ie, ~1%). 18 We also found that female sex was associated with a 2.5 times higher risk of AASCARs than male sex, even after adjusting for other risk factors. The aforementioned Taiwanese study also found a 45% higher risk of AHS among Chinese women compared with Chinese men. 5 The mechanism behind the difference in sex remains speculative, including the potential role of female hormones, which calls for further study. Older age was also independently associated with an increased risk of AASCARs, which was also consistent with the Taiwanese study findings among Chinese patients. 5 While this could reflect an ageing and vulnerable immune system or a slower metabolic rate (which would predispose older individuals to develop this type of severe hypersensitivity reaction), further mechanistic clarification is needed. Finally, our analysis confirmed a strong independent association with CKD and the initial allopurinol dose of >100 mg/day. This provides support for the latest rheumatology guideline recommendations to initiate allopurinol at a dose ≤100 mg daily. 1 2 The main strength of this study is the use of 400 401 allopurinol initiators in a nationwide database, which provides information relevant to AASCAR outcomes. The racial and ethnic diversity of the US Medicaid study population made it possible to directly compare different racial/ethnic groups, which is not feasible in homogenous populations. Similar to the aforementioned study, 5 our study examined all allopurinol initiators regardless of gout status. As such, proportions of males and those with CKD tended to be lower than those of a typical gout cohort. While our analysis did not suggest a significant subgroup effect by the presence of gout, larger studies conducted specifically among gout patients would be valuable. We used pharmacy claims data, which are considered to be one of the best data sources for drug exposure. Also, because our administrative censoring for AASCARs was at the end of 3 months, potential issues associated with discontinuation of the medication are expected to be minimal. Because the Medicaid database is an administrative database, a certain degree of diagnostic code misclassification is inevitable. However, as mentioned, a recent study found our endpoint definition to have a high level of accuracy according to dermatologists' medical record review. 5 As we further narrowed our primary endpoint definition to a primary discharge diagnosis of hospitalised cases, we expect the specificity to be even higher. Moreover, the high AASCAR-associated mortality rate as well as the long hospital stay corroborate its validity, and our secondary definition of AASCARs 6 led to similar results. As our case definition did not include potential outpatient cases of AASCARs, the risk estimates for AASCARs in our study should be interpreted as conservative. Regardless, this would not have affected the RR measures and instead further guarded against the misclassification of cases.
In conclusion, these findings from a large, racially diverse cohort indicate that Native Hawaiians/Pacific Islanders, Asians and blacks all have a substantially higher risk of hospitalised AASCARs compared with whites and Hispanics, calling for heightened vigilance when initiating allopurinol in these racial/ ethnic groups. Furthermore, female sex, older age, CKD and an initial allopurinol dose >100 mg/day are all independent risk factors for hospitalised AASCARs and should also be considered when initiating allopurinol to help prevent this severe and potentially fatal adverse reaction.
